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A vertical south-facingsolar collector/storage wall was designed, built, and evaluated. The solar wall was the entire
side of a 7.9 x 18.3-m farrowing barn. The collector/storage was built with two core, 75% solid, concrete blocks and
covered with fiberglass. The mass of the storage was about 412 kg/m2 of wall area, and the minimum continuous air
flow rate was 5.84 (L/sec)/m2of collector area. The estimated average daily heat collected was 1.20 kWh/m2. Assuming
a 180-day heating season, a payback period of 4.7 yr was estimated at time of construction (1978), based on actual
construction costs and electricity at $0.035/kWh.

INTRODUCTION

In a feasibility study, Winfield (1978)
predicted that a south-facing vertical solar
collector would be practical for heating
ventilation air for animal housing at lati
tudes north of 40°. This includes all of

Canada and a significant portion of the
United States. The vertical solar collector

would be easier and cheaper to incorporate
into conventional farm buildings to pro
vide heat for ventilation air than one tilted

to latitude plus 15-20° from the horizon
tal; the latter is often considered optimum
for winter heating with solar collectors
(Daniels 1964). Based on a study by Shap
iro and Yager (1979), Winfield predicted
that the solar energy reflected from ground
snow would more than offset the loss of

direct incident solar radiation with a ver

tical orientation.

The vertical solar collector permits in
corporation of a simple short-term heat
storage essential for effective utilization
of solar energy in preheating incoming
ventilation air. Other experimenters and
researchers have attempted to utilize solar
energy 'as it is collected' for preheating
ventilation air. The problem with this ap
proach is that solar energy is most avail
able during bright sunny days, when least
needed. As well, it is not available during
the colder night period, when supplemen
tal heat is most needed to maintain desired

room temperature and permit moisture-
control ventilation in animal buildings.
The fact that sedentary animals reduce to
tal heat production at night further accen
tuates the problem.

The mention of manufacturers' brand names is for

purposes of specific equipment or material descrip
tion and does not indicate an endorsement of that

equipment or discrimination against similar equip
ment or material by the authors or Agriculture
Canada.

Solar energy is free. An objective in
designing any collector/storage system
should be to ensure potential cost effec
tiveness. A second, but just as important
objective, is to develop a system that can
be built by any competent farm building
contractor or farmer using normally avail
able materials. This paper reports on the
design, construction, and performance of
such a system.

LITERATURE REVIEW

Bauman et al. (1975), Yexley et.al.
(1977) and Winfield and Munroe (1979)
all reported significant solar energy avail
ability on vertical south-facing walls dur
ing the winter heating period of October
to March inclusive at latitudes north of

40°.

Shapiro and Yager (1979) compared the
solar radiation on a vertical plane and on
a plane 60° from the horizontal when the
ground was snow-covered. For their test
location 200 km north of Montreal they
concluded that "On clear winter days, the
vertical detector always received more
sunlight than the tilted one, because of
extra light reflected from the snow fore
ground, which more than overcame the
deficit in 'sky only' radiation." The in
creases due to ground snow reflection
were in the order of 10% which agrees
with the values observed by the authors.

Hall et al. (1977, 1978) tested a free
standing solar collector, without storage,
to increase poultry laying house temper
atures. Their data indicated that a benefit

was possible between 0900 h and 1700 h
but the benefit disappeared a short time
later. For example, on 6 Feb. 1978 in
Michigan, the collector plate, at 60° to the
horizontal, was approaching the ambient
temperature of - 16°C by 2000 h. While
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their system could be useful for permitting
additional moisture removal from air and

manure during the day, the benefits were
lost at night. Temperature control could
then only be achieved by reduced night
time ventilation rates or the addition of

supplemental heat.
Spillman (1975, 1977) experimented in

Kansas with vertical collectors incorpo
rating a temporary heat storage consisting
of concrete blocks. His results were very
positive and supported the concept of the
"thermal flywheel effect" and its benefits
in carrying the low-quality heat collected
during the day into the colder night period.
His concepts have been used in the design
of the test solar collector/storage walls re
ported here with significant modifications
to allow for climatic and solar insolation

differences. Modifications discussed and

recommended by Windfield (1978) in
cluded (1) locating the air inlet under the
eave at the top of the collector to reduce
the chances of snow blowing into the col
lector; (2) reducing the amount of storage
per unit of collector since solar insolation
in many parts of Canada would be lower
than in Kansas; and (3) adding insulation
to the inside (room side) of the wall.

A report by Sasaki (1977) supports the
concept that the fixed-plate solar collector
can be vertical and can be oriented up to
30° from true south without substantial

loss of solar energy collected.
Sasaki (1977) reports recommendation

of others for temporary heat storages of
0.05-0.10 m3 of water/m2 of collector.

Assuming concrete has a specific heat ca
pacity and specific gravity of 0.18 and
2.0, respectively, 2.8 times as much con
crete (by volume) would be required for
the same heat storage capacity, or
0.14-0.28 m3/m2 of collector. This would

be equivalent to a 140- to 280-mm layer
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or wall of concrete directly behind the col
lector.

Carscallen and Sibbit (1978) refer to
0.2 m3 of concrete/m2of collector as being
optimum for short-term storages. This
would be equivalent to 200 mm of con
crete if placed directly behind the collec
tor. Their report covers the performance
of 14 demonstration residential solar units

on behalf of the National Research Coun

cil of Canada and states that "A major
shortcoming in the design of many of the
systems was the over-sizing and under-in-
sulation of the heat storage unit." This
same problem is referred to by other re
searchers.

Winfield and Munroe (1979), and Jones
and Bundy (1979) reported on preliminary
results with vertical integral solar collec
tor/storage walls for preheating ventilation
air for livestock buildings. Both reports
indicated good preliminary results after
only one winter of field testing. This paper
is based on the study described by Win
field and Munroe (1979).

DESIGN RATIONALE

For test purposes, short-term storage
was achieved by using 250 mm, 75% solid
concrete blocks (Fig. 1). This provided a
storage mass of approximately 412 kg/m2
of collector and a potential storage of ap
proximately 0.0862 (kWh/°C)/m2 of col
lector assuming 0.753 (kJ/kg)/°C (i.e. a
specific heat capacity of 0.18 times that
of water).

Since it was deemed desirable to utilize

the concrete block cores as air channels to

facilitate heat transfer into and out of stor
age, one of the major challenges was to
get the air into and out of the cores while
still maintaining structural integrity of the
wall. Boring of the blocks was considered
initially but abandoned in favor of using
concrete bricks on edge. Two bricks on
edge, one at the top and the other at the
bottom of the wall, provide the same
height as one concrete block. Concrete
bricks were also used as closures to direct

the air flow. Two-core blocks were chosen
to permit a running bond with open core
over the total wall height.

Clear, corrugated, treated (to prevent
UV deterioration) fiberglass panels were
chosen for the cover plate because they are
durable and resistant to low-impact dam
age, do not produce glare, and are rela
tively cheap.

The concrete wall was painted flat black
with exterior latex paint after treating the
concrete with a 10% muriatic acid solution
to neutralize the alkalinity, and washing
with clean water. The wall was strapped
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Figure 1. Construction details of solar collector/storage wall.

vertically with 38 x 38-mm cedar at 460
mm o.c. The corrugated fiberglass glazing
was installed horizontally. This was con
sidered the desirable orientation for solar

energy transmission and for more turbu
lent air flow in the collector. Corrugated
glazing was considered essential to absorb
thermal expansion. All vertical and hori
zontal lap joints were sealed with a com
mercial sealant available from the fiber
glass manufacturer Graham Products Ltd.
of Inglewood, Ontario, manufacturers of
'Excelite'. The clear fiberglass glazing
was coated on the exterior surface with

Excelac, a UV-inhibiting material. Ac
cording to the manufacturer, this particu
lar material will require recoating at ap
proximately 5- to 8-yr intervals. It can be
brushed or sprayed on.

Provision was made to open the collec
tor air space at the bottom to allow for
natural ventialtion during the summer if
stagnation temperatures became exces
sive. Separate provision was made for
summer air intake in the test installation.

If the solar collector/storage is an inte
gral building wall, then insulation on the
inside is essential to stop condensation.
Insulation on the outside of the storage
would be desirable, but would likely re
duce collection efficiency as all the solar
heat would have to be carried into storage
by the air. It would also add significantly
to the system cost. In the test installation,

it was anticipated that a high percentage
of the thermal losses from the face of the

collector surface would be recaptured by
the continuously incoming cold air mov
ing down across the face of the wall.

If the collector/storage wall described
is adapted to long buildings it is essential
that structural design consideration be
given to resisting lateral wind load, and
thermal expansion/contraction of the con
crete block wall.

TEST INSTALLATION

While this concept of a solar collection/
storage system could be tested on any
heat-deficient animal housing unit requir
ing continuous winter ventilation, a rela
tively small continuous farrowing unit
containing 20 crates was chosen for the
test installation.

The site was about 30 km N.E. of Lon

don, Ontario which has a latitude of ap
proximately 42°, a January design tem
perature (2.5%) of - 18°C, and an average
of 580 h of bright sunshine during the 6-
mo period October to March.

The building was 7.9 x 18.3 m with
2.44-m sidewalls oriented with the long
wall facing almost 30° east of south. The
complete south wall, approximately 44.6
m2, served as a solar collector/storage sys
tem and was constructed as shown in Fig.
1. The exhaust fans, which draw winter
ventilation air through the collector/stor-
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age, and the auxillary-(summer) powered
air intakes were all on the north side of the

building. Two 4.8-kW fan-forced heaters
were located in the southeast and south

west corners to maintain the desired build

ing temperature of 17°C when solar heat
was not available. Each heater had a kWh

meter attached to record energy consump
tion. Heat lamps (250 W) were used over
the creep areas as required but energy con
sumption of these was not monitored.

Eighteen thermocouples were located in
the solar collector/storage wall, in the
building interior, and outside on the north
wall. The thermocouples were connected
to a Monitor Lab 9300 data logger pro
grammed to print at 30-min intervals. A
slant tube manometer was installed to

measure static pressure drop across the
solar collector/storage wall and adjustable
air inlet to permit the operator to adjust the
air inlet and maintain a pressure difference
of approximately 3.2-mm water column
(WC), i.e. 0.03 kPa. Based on the fan
specifications, the continuous ventilation
rate was estimated to be 261 L/sec which

would provide a flow rate of 5.84 (L/sec)/
m2 of solar collector.

The building went into operation in the
fall of 1978 and was monitored for two

heating seasons and one summer period.

The completed building is shown in Fig.
2.

RESULTS

No standard performance criteria are
available for a 'hybrid system' that has air
flowing continuously and has the collector
surface as the face of the storage. Follow
ing observation of the temperature varia
tions of several points in the concrete wall,
it was decided that for ease of heat balance

computations, the average temperature of
the total concrete block storage wall could
be consisdered to be the temperature of the
point at midheight of the inner (room side)
concrete column. A portion of the solar
heat collected during the day was used im
mediately and continuously as evidenced
by the increase in the temperature of air
entering the room. As well, a portion was
stored in the block wall as evidenced by
an increase in its temperature.

The 'heat stored' during the daily
charging period, was considered to be the
heat required to raise the entire storage
wall through the temperature difference
experienced at the midheight of the inner
concrete column between a low in the

morning usually around 0800 h and a high
in the afternoon usually around 1600 h.
This temperature difference is denoted as
DTW. An estimate of the 'heat used' dur

ing this same period can be considered to
be the heat required to raise the air mass
flow to the temperature of the inner con
crete column. This is equivalent to raising
the total air mass flow during the charging
period through the average temperature
rise, i.e. DTW/2. The 'heat stored' and
'heat used' can be added to give an esti
mate of the day-long 'heat collected.' This
technique will give very conservative val
ues since the actual temperature rise on the
air mass flow was always higher than the
storage temperature rise. As well, for
computational simplicity, it was assumed
that no solar heat was gained after the con
crete wall had reached its maximum tem

perature.

During the winter of 1978-1979, the
data logger was run continuously from
November to February. A typical temper
ature profile for a sunny day is shown in
Fig. 3. The temperature of the inner con
crete column, next to the insulation, and
considered to be the 'storage tempera
ture,' only exceeded the building (inside
air) temperature on 1 day during the winter
heating period. This was not considered
serious, as additional ventilation provided
adequate cooling, but did waste some so
lar heat. Thus, the storage capacity was
considered adequate.

Figure 2. 7.9 x 18.3-m farrowing barn with south-facing vertical collector/storage wall.
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The 'storage temperature' in this in
stallation only approached outside (am
bient) air temperatures after several con
secutive sunless days. Thus, the storage
was seldom completely discharged. Two
reasons are likely: (1) the air flow rate of
5.84 (L/sec)/m2 of the collector is lower
than desirable; (2) any heat conducted
from the animal room through the insu
lated south wall is recaptured by the heat
storage.

Data from 79 days during this period
showed that the average daily temperature
rise of the wall (DTW) ranged between
3.5°C and 22.5°C with an average rise of
10.5°C. Based on a storage mass of 412
kg/m2of wall and assuming a specific heat
capacity for concrete of 0.753 (kJ/kg)/°C,
the average daily quantity of heat stored
was 0.9 kWh/m2. Assuming a continuous
ventilation rate of 5.84 (L/sec)/m2 of col
lector, a specific heat capacity of air of
1.005 (kJ/kg)/°C, an effective air temper
ature rise of DTW/2, air having 0.83 m3/
kg, and an 8-h charging period, the aver
age daily quantity of 'heat used' was cal
culated to be 0.30 kWh/m2. The 'heat

used' is thus one-third as much as the 'heat

stored' giving, in this situation, an esti
mated 1.20 kWh/m2 of 'heat collected'

during the day. At $0.035/kWh for elec
tricity and assuming 100% efficient heat
conversion, this would be equivalent to
$0.042/m2 of collector per day savings.
For comparison, if the alternate energy
source was heating oil at $0.16/L (10.81
kWh/L) and 70% efficiency, or natural
gas at $0.10/m3 (10.3 kWh/m3) and 70%
efficiency, the savings would be $0,025
or $0.017/m2, respectively, per day.

Based on actual construction costs of

the barn (1978), the estimated incremental
cost of the 2.44-m-high solar/collector
storage wall over a conventional stud wall
for a new building in Southwestern
Ontario is shown in Table I.

Assuming that the fuel cost escalation
would pay the interest on investment
which is highly likely for all fuel types,
and assuming a 180-day heating season,
the payback period for the wall was esti
mated at time of construction (1978) to be
4.7 yr if electricity was the alternate en
ergy source. If the alternate fuel was heat
ing oil or natural gas, then the payback
period would be 7.9 or 12 yr, respectively.
Since 1978, energy costs have risen at
least as quickly as material and labor
costs; therefore, the estimated payback to
day (1983) would be at least as favorable.

From 22 Nov. 1978 to 3 Apr. 1979 a
total of 1786 kWh were used by two 4.8-
kW fan-forced electric heaters for an av

erage consumption of 13.53 kWh/day.
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Figure 3. Typical temperature records vs.
time of day for solar-heated far
rowing barn.

The building was not populated to capac
ity during this period due to sow herd
build-up delays. From 2 Oct. 1979 to 4
Mar. 1980, a total of 154 days, only 332
kWh were used for an average consump
tion of 2.16 kWh/day. The farrowing unit
was operating at capacity and the coop-
erator was very pleased with the system
performance. If anything, the relative hu
midity tended to be low (65-70%), which
caused a dusty environment. The only
condensation appeared on two small, dou
ble-glazed windows, which was not un
expected.

During late July 1979, tests were made
to determine stagnation temperatures in
the solar collector. Due to limited shading
(approximately 50%), by the 300-mm ov
erhang on a 2.44-m wall, the collector sur
face temperature did not exceed 40°C and
the storage temperature was kept below
30°C only 3-4°C above ambient temper
atures. Temporary, complete shading of
the collector held the collector tempera

ture at or below ambient temperature in
August 1979.

CONCLUSIONS

(1) The integral vertical solar collector/
storage wall for preheating ventilation air
is performing as expected and no modifi
cations or repairs are planned or antici
pated.

(2) The farm building contractor did not
have difficulty obtaining the necessary
components or following the specific in
structions regarding construction detail.

(3) The vertical solar collector/storage
wall as designed can be readily incorpo
rated into farm building designs and in fact
has been incorporated into those of the
Canada Plan Service. Unfortunately, the
design using the exhaust fans to charge
and discharge the heat storage does not
make it highly effective for poultry brood
ing applications which require maximum
heat with negligible ventilation. It could
possibly, however, be used to reduce sup-

TABLE I. INCREMENTAL COST OF 2.44-M-HIGH SOLAR COLLECTOR/STORAGE WALL
OVER A STUD WALL FOR A NEW BUILDING IN SOUTHWESTERN ONTARIO

Cost/m2 ($)

Concrete for wider foundation wall and footing (200-250 mm).
Concrete blocks 12.23 @ $0.75 each
Laying blocks/bricks
Paint, muriatic acid, strapping, closure
strips, sealant, screws, etc. and labor
Treated, fiberglass glazing
Colored steel not used

Total

1.50

9.17

10.00

10.00

10.00

(5.00)

$35.67
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plemental heating requirements after the
initial high-temperature brooding period.

(4) The vertical solar collector is pref
erable for winter heating at northern lati
tudes in excess of 40° because (a) it col
lects more solar energy than one sloped at
latitude plus 15-20°, assuming the ground
is snow-covered; (b) it eliminates snow
and frost accumulation problems; (c) it
permits incorporation of a practical short-
term heat storage; (d) it eliminates high
stagnation temperatures in the solar col
lector and is effectively self-regulating;
(e) it eliminates specially designed, ex
pensive roof trusses to support the collec
tor.

(5) The collector/storage should be by
passed with other air inlets for summer
ventilation.

(6) The design air flow rate through the
collector/storage of 5.8 (L/sec)/m2 of col
lector did not provide a complete storage
discharge although it did provide some
solar energy benefit on a 24-h basis. With
low air flow rates it is essential that all

other potential air inlets to the building be
well sealed to prevent a backflow into the
collector.

(7) A conventional supplemental heat
ing system is required in the building to
maintain the desired temperature in the
early morning hours and when the sun
does not shine.

(8) The payback period will vary sig
nificantly depending on present heat en
ergy type, cost and geographic location.
At time of construction (1978) the pay
back period in Southwestern Ontario for
the integral wall incorporated in a new
building was estimated at 4.7 yr assuming
an alternate energy source to be electricity
at $0.035/kWh.

(9) Temporary heat storage is essential
to make maximum use of all the solar heat

collected and prevent erratic over-venti
lation when the sun is shining. About
three-quarters of the solar energy col
lected was stored for night use.

SUMMARY

The vertical solar collector/storage wall
as designed and field tested has performed
well. The concept is applicable to all heat-
deficient, continuously-ventilated, animal
housing buildings. It should work well at
any location in Canada, but is particularly
well suited to the Prairie Region where the
hours of bright sunshine and solar inso
lation are the highest in Canada and where
most animal housing buildings require
supplemental heat.

The estimated payback period for the
collector/storage wall is short enough to
be considered for new construction of an

imal housing buildings, particularly since
the price of conventional heat energy is
likely to continue to rise. Seldom is any
of the solar energy collected wasted in this
application, as any temperature rise of the
incoming air can most always be effec
tively used.

The wall can be constructed on-site by
any competent farm building contractor or
farmer, with readily available compo
nents.
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